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Using Integrated Rate Equations to Analyze Acid Phosphatase Kinetics
Melissa Gouge and Dr. Ronald Peterson
Chemistry and Biochemistry Program, School of Science, Technology, and Mathematics,
Ohio Northern University, Ada, OH 45810

Abstract

Assay for Pi

In an academic setting, enzyme kinetics are introduced by
analysis of the initial rates using the Michaelis-Menten
model. To better understand enzyme kinetics, a complete
time course analysis will provide a larger set of data,
including information on feedback or product inhibition.
With this, the Lambert W function can be used to analyze
the integrated rate equations. We have started our
analysis with the enzyme, acid phosphatase. Inorganic
phosphorus is a known competitive inhibitor of the acid
phosphatase
catalyzed
hydrolysis
of
pnitrophenylphosphate. Using the integrated form of the
rate equation allows us to determine the relative
relationship of the Ki and Km. Analysis of the reaction by
quantification of each product will allow for analysis of the
inhibition mechanism by one or both of the products.

E + PNPP ↔ E ∗ PNPP ↔ E + PNP + P𝑖
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Solve for rate variables: To find these
variables, the data first must be plotted
using the integrated rate equation to
determine which branch of the Lambert
function to use. If the graph returned
has a positive slope, the approximation
for the negative branch of the Lambert
function should be used. If the graph
returned has a negative slop, the
approximation for the positive branch
of the Lambert function should be
used.
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During an enzyme catalyzed reaction, the product
accumulates over the time of the reaction. The tradition
method, analysis of initial rates, for analyzing kinetics
was introduced by Michaelis and Menten. The
Integrated Rate Equation can also be used to study the
accumulation of product over time.
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Calculating [Product: Pi]
To calculate the amount of product at various times
during the reaction, aliquots were taken from the
reaction mixture and stopped using a 0.42% ammonium
molybdate in 1 N sulfuric acid solution. The stopped
aliquots were then added to
a colorimetric reagent and
allowed to process. The
absorbance was read at
820nm and [product] was
calculated using the data
from a standard curve. The
graph to the left shows this
reaction.

Assay for PNP
To
calculate
the
amount of product at
various times during
the reaction, aliquots
were taken from the
reaction mixture and
stopped using a 1 M
Na2CO3 solution. The
absorbance
was
measured at 405 nm.

As shown to the right, this set
of data returns a positive
slope when graphed using the
Integrated Rate Equation.
This means that the Kapp
value is negative which tells
us the Km is larger than Ki, or
that the inhibition constant is
stronger than the Km.
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When the Ki is smaller than the Km…

Conclusions:
This data raises some questions as the same reaction was run
when assaying for Pi and PNP. If everything works correctly in
both reactions the data produced should be showing the same
trends. Currently, the data do not match as the assay for Pi
shows the Ki to be stronger than the Km and the assay for PNP
shows the Km to be stronger than the Ki

look at the inhibition potential of each product to determine the product inhibition

Instead of running a full time course reaction, pick a time point with a
moderate absorbance (in this case 4 minutes) and run each reaction for
that amount of time with constant buffer, substrate, and enzyme
concentrations, varying the initial concentration of product (either PNP or
Pi) in the reaction. This allows us to look at the relative initial rates. For the
PNP inhibition, this shows little to no inhibition due to the PNP product. On
the time course graph (right) using Pi as an inhibitor, we can see a clear
decrease in the initial rate of the reaction as well as the max absorbance.
difference in max absorbance

Future Work
Look for purity of substrate to determine if there are
other inhibitors within the substrate being used. This
will be done using various methods including 1H and
31P NMR as well as TLC methods.
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